Anodic oxidation of pure and D.S. (dispersion hardened) lead in sulfuric acid solutions by Aldazabal, Rafael San Martin
Scholars' Mine 
Masters Theses Student Theses and Dissertations 
1969 
Anodic oxidation of pure and D.S. (dispersion hardened) lead in 
sulfuric acid solutions 
Rafael San Martin Aldazabal 
Follow this and additional works at: https://scholarsmine.mst.edu/masters_theses 
 Part of the Metallurgy Commons 
Department: 
Recommended Citation 
Aldazabal, Rafael San Martin, "Anodic oxidation of pure and D.S. (dispersion hardened) lead in sulfuric 
acid solutions" (1969). Masters Theses. 6767. 
https://scholarsmine.mst.edu/masters_theses/6767 
This thesis is brought to you by Scholars' Mine, a service of the Missouri S&T Library and Learning Resources. This 
work is protected by U. S. Copyright Law. Unauthorized use including reproduction for redistribution requires the 
permission of the copyright holder. For more information, please contact scholarsmine@mst.edu. 
ANODIC OXIDATION OF PURE AND 
D.S. (DISPERSION HARDENED) LEAD 
IN SULFURIC ACID SOLUTIONS 
BY 
RAFAEL SAN MARTIN ALDAZABAL 1 ) 9'-1 / 
A 
THESIS 
submitted to the faculty of 
UNIVERSITY OF MISSOURI - ROLLA 
in partial fulfillment of the requireme~ts for the 
Degree of 







The anodic oxidation of pure and dispersion hardened 
lead in lN H2S0 4 was studied potentiostatically in the range 
- 0.28 to 2.0 volts (SHE). 
The anode surfaces were observed at various stages on a 
scanning electron microscope and x-ray diffraction techniques 
were used to determine the phases present. 
It was established that by oxidation up to 0.25 v only 
PbS04 is obtained. At potentials between 0.25 and l.57 v, 
PbO (tetragonal) is formed beneath the lead sulfate layer. 
At potentials above l.57 up to 2.0 v, a layer of 8Pb02 forms 
in the outermost part of the anode underlying a layer of PbO 
(tetragonal) at the lower end of the potential scale and 
aPb02 at the upper. 
Little difference was noted between the behavior of pure 
lead and dispersion hardened lead. 
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Lead is one of the most durable metals outside the small 
group of so-called "noble" metals. Lead is particularly re-
sistant to attack by sulfuric acid. However lead has a great 
disadvantage in that its physical properties are very poor. 
To overcome this drawback lead is alloyed with antimony or 
calcium, which increases its strength. 
A product of very recent discovery is dispersion hardened 
lead, consisting of a pure lead matrix {99.9% lead) strengthen-
ed by an extremely fine, uniform dispersion of lead oxide 
particles. The presence of the oxide particles inhibits grain 
growth and results in a high strength, fine grained structure 
which cannot be achieved in conventional alloys. At elevated 
temperatures, the strength and creep resistance of the dis-
persion hardened lead are far superior to those of either 
pure lead or the common structural alloys. This is due to 
a stable structure which does not undergo substantial grain 
growth below 300°F. Other pertinent characteristics are re-
duced thermal expansion, greater rigidity, and superior close-
tolerance machinability. 
The purpose of this investigation was to study the oxida-
tion of pure lead and dispersion hardened lead. 
The behavior of dispersion hardened lead in sulfuric 
acid solution is of great interest since one potential use 
of this material is as an elect~ode material. The normal 
corrosion resistance is also obviously very critical in many 
applications. 
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II. LITERATURE REVIEW 
The anodic oxidation of lead in sulfuric acid solutions 
has been the subject of _numerous experimental investigations. 
Lander was one of the first to use potentiostatic meth-
ods for investigating the anodic oxidation of lead. The con-
stant potential method was chosen because of the strong po-
tential dependency of the lead phases formed. A substantial 
number of studies have also been made using galvanostatic meth-
ods. 
Lander(l) anodizing lead at potentials below those for 
PbO formation (1.67 to 0.57 v SHE scale) found that tetragonal 
PbO is formed in contact with lead in sulfuric acid solutions. 
From these results he concluded that the water molecule itself 
could be the attacking agent from the solution. An outer 
layer of Pbso .. is formed, probably by chemical reaction be-
tween H2 S0 4 and the PbO layer. 
At potentials near the reversible Pb0 2 /PbS0 4 , Lander( 2 , 3 ) 
found results that indicated the formation of dioxide by the 
reaction 
Pb + 2H2 0 -+ Pb02 + 4H+ + 2e [1] 
is the first step in the corrosion process above the reversible 
potential for - that reaction. The Pb02 is unstable both chem-
ica11y and electrochemical:ty at the lower potentials and goes 
to l.ead: monoxide and lead sulphate. At the solution interface, 
Pb0 2 tends to react with sulfuric acid and hydrogen ion to 
give 
and at the metal interface to give lead monoxide by a solid 




Above the reversible potential Pb02/PbSO~, the corrosion 
rate falls off very rapidly to extremely low values, due to 
a protective lead dioxide film. 
Burbank< 4 ,S,G), studying the anodization and self-dis-
charge of lead in sulfruic acid, identified the compounds 
Pb{OH) 2 , PbO, PbO•PbSO~ by the electron diffraction in the 
potential range between Pb-PbS04 and PbSO~-PbOz. In addition, 
arrests were observed which corresponded to the appearance of 
these compounds in the potential-time curves. 
Studying the time-potential curves, Burbank, points out 
that the slope of the discharge curves from the Pb02/PbS0 4 . 
potential arrests vary considerably and may exhibit well de-
fined arrests. These are not thought to correspond to thermo-
dynamic equilibrium potentials, but rather to mixed potentials 
caused by physical changes of the anodic phases. 
Anodizing the lead immediately above the reversible po-
tential of PbSO~/Pb02 produces ~Pb02 on the surface, with a 
layer of . PbO (tetragonal) between thernetal and the surface. 
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If anodization is continued at the elevated potential, 
the amount of SPb0 2 increases gradually while the PbO (tetra-
gonal) decreases. Eventually all the PbO (tetragonal) phase 
is transformed into aPb0 2 at the metal interface. 
Reduction of the SPb0 2 to PbS04 takes place by nucleation 
in the boundary layer and dendritic growth outward into the 
sulfate rich solution. These dendritic sulfate crystals are 
smoothly reconverted to SPb0 2 upon anodization. 
During polarization, water and/or hydroxyl ions are being 
discharged at the anodic surface. At the metal surface and 
inner layers of the active material, the potential and pH 
may lie within the domain of ~Pb0 2 • The occurrence of ~Pb0 2 
growing epitaxially on the Pb and in the deformed lattice 
suggests that the oxidation takes place beneath the surface 
coating as a solid phase oxidation of the base metal, and an 
oxide layer progressively richer in metal toward the center 
of the specimen would be expected. 
Ruetschi and Cahan(?,S) studied the two phases a- and 
SPb02. They concluded that the anodic oxidation of PbS04 
produces the S form of Pb02 , while the ~- form is produced 
by the direct oxidation of Pb metal to Pb02 , according to 
a Cabrera-Mott type film formation. 
Studying the electrochemical reduction of the Pb()z layers 1 
using high resolution techniques, they discovered a character-
istic step in the potential plateau during the discharge of 
the Pb0 2 , attributed to a difference in discharge overvoltage 
between a- and SPb02. 
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Fleischmann(ll), Ruetschi(g) and Pavlov< 12 ) also studied 
the current-time transients in the potentiostatic oxidation 
of lead in H2S0 4 • 
At any potential between 0. 0 to + 2. 0 v, (SHE) these curves 
exhibit one sharp initial peak, lasting about 1 or 2 minutes 
which can readily be interpreted as due to the formation of 
a PbS0 4 layer. This current peak, in the range - .23 to 
+ .27 v (SHE), is followed by a gradual decay towards a steady 
value of the corrosion current as the sulfate layer increases 
in thickness. 
At constant potentials above + .27 v (SHE) there emerges 
what ultimately becomes a broad second peak. This peak re-
presents the sum of all the basic electrochemical corrosion 
processes which were felt to be proceeding beneath the PbS04 
formed initially, including in particular the reactions: 
Pb ...,.. PbO; and PbO + Pb02 
At potentials above +1. 9 v (SHE) a third peak, which is 
positioned between the first and second peak, reaches a maxi-
mum value; this new peak stems from the oxidation of PbS04 to 
ePb02 in the outer, acidic part of the layer. 
However, attempts to divide this total current input into 
contributions made by the various corrosion processes meets 
with great difficulties.. The various peaks overlap consider-
ably, and 7 they can each represent several processes, as men-
tioned fox; tne second peak. 
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Analyzing the results of their potentiostatic studies, 
Ruetschi and Angstadt(g) proposed that the following processes 
take place on anodizing lead in sulfuric acid. Initially, a 
PbS0 4 layer is formed, and as this film grows to a critical 
thickness, accompanied by a corresponding critical ohmic drop, 
penetration of SO~- and H+ ions is no longer possible. The 
very high electric field established in the PbS0 4 layer will 
tend to repel positive H+ ions from the microcavities of the 
inner part of the film and attract so~- ions and OH- ions 
generated by dissociation of H2 0 molecules. This latter 
effect tends to increase the alkalinity in the interior of 
the corrosion film and to stabilize the high local pH. Thus 
the pH will rise to the point where OH ions will be available 
to oxidize lead to PbO or hydrated forms, such as 5Pb0•2H 2 0. 
These divalent lead compounds are readily oxidized further 
to aPb02. 
At sufficiently high potentials, lead sulfate may be oxi-
dized to Pb0 2 in the more acidic, outer portions of the cor-
rosion layer. The fact that the outermost, acidic portions 
of the film are oxidized last is in agreement with Feitknecht's 
observation(lS) that the Pb0 2 formation starts in the interior, 
below the PbS0 4 film, and grows toward the electrolyte side. 
Ruetschi explains the peak of ' the corrosion rate of lead in 
sulfuric acid, which takes place just below the potential 
corresponding to the Pb02 /PbS0 4 , as resulting from the develop-
ment of a high pH in the interior o.f the corrosion film, with 
insufficient protection by either PbS0 4 or Pb02 • 
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During self-depassivation from above the couple Pb0 2/ 
PbS04, Ruetschi formulates that the surface of the film near-
est the electrolyte, SPb0 2 is electrochemically reduced in 
acid medium according to 
[5] 
As the surface becomes covered with PbS0 4 further reduction 
of SPb0 2 and underlying aPb0 2 to PbS0 4 is inhibited because 
of the slow diffusion of H2 S0 4 into the film. Thus, instead 
of reactions [4] and [5] the electrode passes rapidly through 
the sequence of the following transitory reactions 
4e- + 2(a or S) Pb02 + S04 -+ + PbO•PbSO~t + 60H 
8e- + 4(a or S) Pb0 2 +so~-+ 6H 2 0 t 
3PbO•PbS0 4 •H20 + lOOH-
which probably occur over a very limited time period, such 
[~ ] 
[7] 
that no significant quantities of basic sulfates are produced. 
Finally, Pb02 will be reduced in alkaline solution to 
Pb 3 0~t and the latter to PbO 
[8] 
lOe- + 5Pb 3 0 4 + 11H2 0 + 3 [SPbO• 2H 2 0] + 10 OH [9] 
B 
Here and in the following, 5Pb0•2H 2 0 also stands for 
PbO and Pb(OH) 2 or other hydrated forms. 
Electrons for the reactions [1] to [6] are supplied 
during self-depassivation by either one or a combination of 




Pb + OH ~ PbO + H2 0 + 2e- [14] 
During self-decay, the mixed potential of the electrode is 
largely determined by reactions [4], [5], [9], and [11], since 
it is plausible that these can proceed faster and with less 
restrictions than the other reactions. These reactions de-
terrnine the voltage plateaus observed during self-decay. 
Ruetschi compared the experim,entally observed voltage 
plateaus during self-decay, with theoretically calculated 
voltage levels with excellent agreement being obtained for 
'• .,. 
the following electrode processes 
I 
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Ruetschi( 9 ) used the previously discussed results, plusa 
series of galvanostatic stripping experiments, to present a 
theoretical model of the composition of the corrosion film, 
depending on the potential applied to the specimen. 
This model showed that there is a layer of PbS0 4 in con-
tact with the sulfuric acid electrolyte below the Pb0 2/PbS0 4 
couple, and a layer of SPb0 2 above it. At potentials from 
+ .15 to + 1.35 v SHE there are layers of PbO•PbS0 4 ; 3Pbo• 
PbS0 4 ; PbO and ~Pb02at the interface between the metal and 
PbS0 4 • And above + 1.35 v, the layer of SPb02 appears over 
the layer of ~Pb0 2 • 
Following this line of potentiostatic experiments, 
Pavlov(l2 ,l3 ) studied the process of anodic oxidation of lead 
in IN•H 2 S0 4 , by polarizing at constant potentials and then 
observing the open circuit potential transients. He also ex-
amined the electrodes by electron microscopy techniques fol-
lowing the oxidation process. 
Like Ruetschi, he found a region from+ .22 to+ 1.45 v 
SHE in which new chemical reactions proceed and new compounds 
are formed along with PbS0 4 • He also pointed out that the 
boundaries of this region cannot be fixed precisely, but have 
the character of narrow ranges. 
As for the mechanism of lead oxidation to divalent lead 
compounds, it is a characteristic pecul~arity of the deposi-
tion processes of Pb++ in neutral and acid sulphate solutions 
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that, depending on the pH and SO~-- concentration, basic sul-
phates with various compositions may be formed. 
The following reactions may proceed 
- + Pb804 + 2e + Pb + so;-
E1 - - .356 - • 029 lg a 504 
E2 = - .099 - .029 pH - .0148 lg a S04 
Es = .037 - .044 pH - .0074 lg a 504 
4PbO•PbS04 + 8H+ + lOe- = 5Pb + SO~- + 4H20 
E4 = .1~5- .047 pH- .006 lg a so;-
Es = .260 - .059 pH 







During the initial stages O·f polarization the electrode 
is covered by PbS04, as these crystals grow larger and the 
me tal. surface decreases, .dissoluti on proceeds only through 
the intercrystalline pores. To retain electroneutrality in 
the pores, the flux of Ph++ has to be equivalent to the SO~-. 
,. 
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While the maximum number of S0 4 ions entering the pore is 
determined by the bulk H2 S0 4 concentration, that of Pb++ de-
pends on the overpotential applied on the Pb/PbS04 electrode. 
Above a certain value of the overpotential, the flux of Pb++ 
will surpass that of the S0 4 • Migration of positive charges 
outward is then necessary in order to maintain electroneutrality. 
Since the mobility of H+ is five times higher than that of Pb++, 
the principal migrating cations are protons. This leads to 
water dissociation and an increase of pH of the solution with-
in the pore. 
This rise of the pH leads to a decrease of the equili-
brium potential of the reactions, and at a certain overpoten-
tial, the pH will reach the value where it is thermodynamically 
possible to obtain lead hydroxide, basic lead sulfates and 
lead oxide. (pH .8 to 9.2 for lN S0 4 H2 ) 
If the crystallization rates of these compounds are 
close, they are ordered in layers according to their solu-
bility product, i.e., PbS0 4 on the solution side and lead 
oxide near the lead surface. 
Once the overpotential is removed, the pH in the pores 
attains the bulk pH in a few seconds. At this low pH, the 
basic lead sulfates and lead oxide lose their stability, and 
their conversion to PbS0 4 begins. 
The equilibrium potentials of the reactions of the diva-
lent lead ,compounds in ll)l lhS04 (SHE) are: 
Pb/5Pb0•2H 2 0 
E = + .232 v 
Pb/Pb(OH)2 
E = + .214 v 
E = + .105 v 
Pb/3PbO•PbS04•H20 
E = + .032 V 
Pb/PbO•PbS0 4 
E = - .078 v 
Pb/PbS0 4 
E = - .28 v 
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Depending on overpotentia1 and oxidation time, the open-
circuit potential of the electrode remains for a definite 
period in the range between the potentials of the couples 
Pb/5Pb0•2H 2 0 and Pb/PbO•PbS04 , after which it drops abruptly 
to the Pb/PbS04 potential. 
The conversion of the potential determining compound, 
reflected by the depassivation (E,t) curves has the sequence 
,,., 
5Pb0•2H20 + n PbO•PbS0 4 + PbS04 
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where n tends to zero at t tending to oo. Pavlov states that 
the anodic oxidation of lead and divalent Pb compounds can 
proceed to Pb0 2 according to the following reactions. 
E = .665 - .059 pH 
E = .677 - .59 pH 
E = 1.070 - .059 pH 
5Pb0 2 + 12H+ + so:- + lOe t 4PbO•PbSO~ + 6H 20 




4Pb02 + lOH+ + so:- + Be t 3PbO•PbSO~·H 2 0 + 4H 2 0 [271 
E = 1.285 - .074 pH + .007 lg a so:-
+ -- ~ 2Pb02 + 6H + SO~ + 4e + PbO•PbS0 4 + 3H 20 
E = 1.422 - .089 pH + .015 lg a so:-
E = 1.698 - .113 pH + .029 1g a so~ 
SPb02 + so4 + 4H+ + 2e t PbS04 + 2H20 





As explained, within the pores of PbS0 4 the pH is in-
creased while the activity of S0 4 diminishes. This change 
in the activities lowers the value of the equilibrium poten-
tial of the Pb0 2 /PbS0 4 couple. If the latter becomes more 
negative than the polarization potential applied, the re-
action PbSO 4 + PbO 2 is likely to occur. 
Electron micrographs of the crystal structures ob-
tained by oxidation at + 1.5 (SHE)reveal that Pb0 2 is obtained 
in the areas between some of the PbS0 4 crystals. The number 
of areas of oxidation grows when the potential is raised. At 
an oxidation potential of 1.7 v (SHE) there is an arrest on the 
potential transient at + 1.55 v upon interruption of the cir-
cuit, which corresponds to the equilibrium potential of the 
Pb0 2/PbS0 4 electrode in lN H2 S0 4 • 
The electron micrographs and the self-decay transients 
revealed no lead dioxide to be produced at potentials lower 
than + 1.45 v. 
These potentiostatic experiments present a drawback in 
that the potentiometric identification of the compounds formed, 
is uncertain because of the very close values of the equili-
brium potentials of lead oxides, hydroxides and basic sul-
fates. Furthermore, not every compound present in the anodic 
layer is potential determining at open circuit. 
To avoid these difficulties, Pavlov(l4 ) used x-ray and 
chemical analysis to present a model of the structure of the 
anodic layer. 
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On the basis of the data obtained, Pavlov divided the 
anodic layer in three regions: 
. 
A. Lead sulfate region: from - .289 to + .36 v (SHE 
in lN•H2S04). The deposit is built up by PbSO~ 
crystals. 
B. Lead oxide region: from+ .36 to + 1.56 v. Apart 
from lead sulfate the deposit contains substantial 
amounts of tetragonal lead oxide. Minor amounts of 
rhombic are also formed. At some potentials, small 
amounts of orthorhombic a-Pb02 also occurs. 
c. Lead dioxide region: It lies at potentials more 
positive than + 1.56 v. However, the composition 
depends strongly on the oxidation potential and changes 
with the oxidation time. The major component of the 
anodic layer in this region is aPb02. The SPb02 
begins to form at potentials more positive than + 1.2 v. 
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III. EXPERIMENTAL 
The plan of investigation consisted of the following 
major phases: (1) effect of the applied potential on the lead 
phases which form during the anodic oxidation of pure lead 
and dispersion hardened lead,. in lN H2 S0 4 and (2) the re-
lationship between the open circuit potential of the same anodes 
already oxidized, and the phases present during the depolari-
zation. These phases were studied by scanning electron micro-
scopy and x-ray diffraction techniques. 
A description of the apparatus, the method of procedure, 
data and results are included for each phase of the experimen-
tation. Lists of the materials and equipment are given in 
Appendices A and B. 
A. CONSTANT POTENTIAL EXPERIMENTS 
1. Apparatus: The experimental set up used in this 
investigation is illustrated in Figure 1. 
The cell was immersed in a water bath controlled at 25 :!: 
O.l°C. The electrode potentials were measured against a Hg/ 
HgSO~lN H2 S0 4 reference electrode. All potential values are 
expressed relative to the SHE which is + 0.667 v relative to 
the reference electrode. The constant potentials impressed 
upon the anode were accomplished with a potentiostat. The 
voltage of the anode was followed by direct measurement with 
an electrometer. The currents and potentials were recorded. 
F G I v 
earn ttl '" 1 ~ I ' I I I 
@) ® 
A - Lead anode 
E Ill II I II - I II 111E 
- J B - Platinum cathode C - Electrolytic cell D - Reference 
electrode 
E - Nitrogen inlet 
c I IL • Ill I F - Potentiostat 
G - Electrometer 
I - Intensity recorder 
V - Voltage recorder 
Constant Temperature Water Bath 
Figure l. Diagram of apparatus used for potentiostatic 




















































































































2. Preparation ·of· -samples: An ingot of pure lead was 
rolled to 0.09 inch. Samples were cut from the sheet to the 
shape shown in Figure 2. Samples of dispersion hardened lead 
were cut from plates obtained from the St. Joseph Lead Company 
(Appendix A). The surfaces of both types were smoothed on a 
belt surfacer until free of visible defects. They were then 
polished on a hand grinder with succesive application of 240, 
320, 400 and 600 abrasive grit papers until uniformly smooth. 
Finally each specimen was etched in a solution of hydrazine 
hydrochloride for several minutes to remove any oxide. This 
produced a smooth clear surface which was then given a final 
polish by light rubbing on a paper towel. 
3. Procedure: Three hundred milliliters of lN H2S04 
were transferred into the electrolytic cell and the cell placed 
in a constant temperature bath so as to ensure complete sub-
. 
mergence of the solution. A nitrogen purge of the cell was 
begun and the system allowed to come to·· constant temperature. 
The anode and platinum cathode were put into their respective 
compartments and connected into the external circuit. The 
lead anode was also connected into the reference circuit by 
means of a Luggin capillary whose tip extended near to the 
electrode surface. 
The electrodes were then anodically polarized to various 
points in the potential range from - 0.28 to + 2.0 v (SHE) and 
the current recorded. The oxidation periods were of one, ten 
and twenty hours duration. 
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When an oxidation phase was completed, the samples were 
quickly removed from the cell, rinsed well in distilled water, 
in acetone, and then blown dry with a hot air blast. The sample 
surface was examined with a scanning electron microscope and 
x-ray diffraction patterns were taken to identify the surface 
products. In some instances, surface products could be removed 
by ultrasonically agitating the sample in acetone at 25°C. 
4. Data and Results: Little difference was found between 
the results of the constant potential experiments carried out 
on pure lead and D.S. lead. Initial current-time transients 
typical of both kinds of lead, are shown in Figure 3. 
An appreciable difference was observed in the quasi-steady 
state current after ten hours at constant potential, as shown 
in Figure 4. Although current density vs. potential plots for 
pure and dispersion hardened lead follow the same pattern, the 
maximum current density obtained on the latter is greater and 
occurs at a slightly higher potential. The current densities 
on the dispersion hardened lead are smaller than those for pure 
lead below the maximum and greater above it. 
X-ray analysis of the phases formed on the surface of the 
samples showed that in the range between 0.28 and + 0.26 v 
only PbS0 4 and Pb were present. A typical x-ray pattern in 
this range is shown in Figure 8. Figure 23 is an electron 
micrograph showing the morphology of the PbSOtt crystals re-
sulting from polarization in this range. 
At potentials between + ·0.26 and 1.56 v, the x-ray pat-
terns showed PbO (tetragonal) present with PbSO~t. The relative 
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Figure 3. Potentiostatic Oxidations Curves in lN H2so4 at 25°C, typical 
of both pure and D.S. lead, showing current density versus time for the 
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Figure 4. Quasi-steady-state current, 
oxidation for the potential range of 0.7 to 
lead anodes, in lN H2S04 at 25°C. 
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o D. s. Lead 
A Pure Lead 
10-1 10 
after 10 hours potentiostatic 




frequently, the x-ray pattern of _PbO indicated a preferred 
orientation with the (110) plane parallel to the surface. 
Typical x-ray patterns in this range are shown in Figures 9, 
10, 11, and 12; and the corresponding surfaces as viewed by 
the electron microscope in Figures 24 and 25. Above 1.60 v, 
the thickness of the reaction product layer decreased with 
increasing applied potential as a larger portion of the cur-
rent was used for oxygen evolution. Varying the potential from 
1.60 to 2.0 v produced SPb0 2 and PbO (tetragonal) on the sur-
faces at the lower end of the voltage range while f3Pb0 2 and 
aPb0 2 were produced at the higher •. · This is shown in Figures 13 
and 14. The morphology resulting from polarization in this 
range can be seen in Figures 26 and 27. 
The f3Pb0 2 phase forms as an outer layer on the surface, 
and is easily removed by agitating the sample ultrasonically 
in acetone. These results also hold for both the pure and 
dispersion hardened lead. 
B. DEPOLARIZATION EXPERIMENTS 
1. Apparatus: The apparatus was the same as described 
previously. · 
2. Procedure: The experimental procedure was similar 
to that described previously, except that when the polariza-
tion period was ended (one or ten hours), the anode and refer-
ence elec·trode were disconnected from the potentiostat and 
allowed to depo-larize, i.e., come to a rest (open-circuit) 
potential. The electrode potential was recorded during the 
24 
depolarization. 
In some instances, the electodes were removed from the 
cell for x-ray and electron microcope examination and then 
returned for continued depolarization. The preparation of 
the samples for surface examination was as described previously. 
A certain number of samples, after several hours of de-
polarization were agitated ultrasonically in acetone. This 
procedure proved to be a selective remover of the surface 
layers. As will be shown later, the first compound removed 
was the loosely adhering PbS0 4 • Basic lead sulfates, such 
as PbO•PbS0 4 and 3PbO•PbS04 •H 2 0 were next removed leaving 
only PbO (tetragonal). The latter was firmly bonded to the 
lead substrate, as it was extremely difficult to remove with 
ultrasonic agitation. 
3. Data and Results: 
a. Pure Lead: The potential impressed upon the 
anode in these runs was 1.8 v (SHE). As shown in Figure 5, 
the depassivation curves varied considerably with the polari-
zation time. For an anode which has been polarized for one 
hour, the decay curve reaches a plateau at 1.44 v immediately 
after opening the circuit. This plateau lasts for about seven 
minutes, after which the potential decreases rapidly to about 
0.1 v, and then, at a lower rate decreases to - 0.28 v where 
it remains constant indefinitely. Use of the Nernst equation 
yields a similar value, for the equilibrium potential of the 
couple lead-lead sulfate in lN H2S04. X-ray examination of 
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Figure 5. Typical depolarization curves of pure lead anodes after 




lead sulfate to be the only phases present (Figure 8). For 
samples which were polarized for ten hours, the decay curves 
show the same arrest at+ 1.44 v, but lasts for about twenty 
minutes. The voltage then drops slowly to about + 0.25 v, and 
then continues to decrease, but at an extremely low rate. 
In several runs, the sample was removed from the cell for 
x-ray analysis while the decay potential was at the arrest at 
1.44 v. The x-ray pattern showed only PbO (tetragonal), Pb, 
and small amounts of PbSO~ to be present (Figure 16). x-ray 
patterns taken while slow depolarization was in progress re-
vealed the presence of PbS0 4 and PbO (tetragonal), the relative 
intensity of the latter being smaller as the potential de-
creased (Figures 17 and 18). 
Electronmicrographs taken in the first stage of the de-
polarization during the decay period show a layer of tiny 
PbS0 4 crystals. As the depolarization continues some larger 
sulfate crystals appear on the surface and after fifty hours 
of depolarization the surface appears uniformly covered with 
large crystals (Figures28, 29 and 30). 
The samples polarized for ten hours show a potential of 
between + 0.05 and - 0.1 v, higher than the potential corres-
pending to the lead-lead sulfate couple (- 0.28 v) even after 
fifty hours of self-decay • . As mentioned before, the surface 
of the sample appeared covered with large lead sulfate crystals, 
and lead ~~lfate was the only substance present in the x-ray 
pattern. o.f the surface. The lead sulfate layer was removed 
ultrasonical-ly and x-ray p~tterns taken after successive per-
.. 
ioQ.s of ,~leansing. These revealed the presence of the basic 
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lead sulfates PbO•PbS0 4 and 3PbO•PbS04•H20 (F~gures 20 and 21). 
After all sulfates were removed, a layer of dark, hard PbO 
still remained on the lead substrate. 
b. D. -s. · Le·ad: As shown in Figure 6, the depassivation 
curves of dispersion hardened lead are similar to those of 
pure lead, excepting in the length (time duration) of the 
first plateau. The voltage at which this arrest takes place 
is about 1.44 v. Its duration is about four minutes if the 
sample has been polarized for one hour and about eight minutes 
for a polarization period of ten hours. 
After this plateau, the potential decreases in a similar 
manner as described for pure lead. The samples polarized for 
one hour reached a potential of - 0.28 v corresponding to the 
lead-lead sulfate couple, whereas the samples polarized for 
ten hours stopped at potentials of about 0.0 v without any 
visible evidence of further depolarization. X-rays taken of 
samples as soon as they reached the lead-lead sulfate couple 
potential, - 0.28 v, showed lead and lead sulfate as the only 
phases present, and when the polarization stopped at about 
0.0 v, the x-ray pattern showed lead sulfate and lead mon-
oxide with a small relative intensity (Figure 19). 
X-ray and electronmicrographs taken in the same way as 
described previously for pure lead presented the same results 
as tor dispersion hardened lead. However, it was observed that 
if the s~ples polarized ~or.~ one hour were left in the cell 
long endugh (about twenty hours after they had reached the 
- 0.28 v potential), the potential increased to a final equi-
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Figure 6. Typical depolarization curves of D.S. lead anodes after 
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Figure 7. Typical depolarization curves of D.s. lead anodes after 
potentiostatic oxidation at (a) 1.4v and (b) 1.3v for 10 hours in 






also observed for samples of dispersion hardened lead left 
in the cell under the same conditions, but without any polari-
zation, after a period of between forty and fifty hours. 
Samples of dispersion hardened lead polarized for ten hours at 
potentials of + 1.3 and 1.4 v and then depolarized, decayed 
rapidly to a potential of + .15 v and remained at that value 
for at least twenty hours. 
The x-ray patterns of the samples polarized at+ 1.3 and 
+ 1.4 v, and then depolarized to+ 0.15 v,showed PbS0 4 and 
PbO (tetragonal) as the only phases present. The electron-
micrographs taken immediately after polarization showed a 
layer consisting of tiny sulfate crystals mixed with some 
large crystals. As the depolarization time increased, the 
large crystals covered the entire surface. 
X-rays taken of samples in which an increase in potential 
to 0.15 v from the - 0.28 v plateau was observed, revealed 
only lead and lead sulfate spectra excepting a peak at 28 = 
35.5° {Figure 22). Electronmicrographs of these samples showed 
a layer of large sulfate crystals covering the surface (Figure 
31) • 
NOTE: All x-ray diffraction patterns were taken with 




Figure 8. X-ray diffraction pattern of D.S. lead 
anode polarized 10 hours at O.Ov in lN H2 so4 at 25°C. 
Phases identified:.. Pb and PbSO 4 • 
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Figure 9. X-ray diffraction pattern of pure lead 
anode polarized 20 hours at 0.3v in lN H2 so4 at 25°C. 
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F~gure 10. X-ray diffraction pattern of D.S. lead 
anode polarized 10 hours at l.Ov in 1N H2 so4 at 25°C. 
Phases identified: PbS04 and PbO. 
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Figure 11. X-ray diffraction pattern of D.S. lead 
anode polari.zed one hour at 1.4v in lN H2so4 at 25°C. 
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Figure 12. X-ray diffraction pattern of pure lead 
anode polarized one hour at 1.3v in lN H2so4 at 25°C. 
Phases identified: Pb, Pbso4 and PbO {showing preferred 
orientation}. 
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Figure 13. x-ray diffraction pattern of D.S. lead 
anode polarized 10 hours at 1.8v in lN H2so4 at 25°C. 
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Figure 14. x-ray diffraction pattern of D.S. lead 
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Figure 15. X-ray diffraction pattern of D.S. lead 
anode polarized 20 hours at 2.0v in lN H2 so4 at 25°C, 
and then ultrasonically cleansed for 30 minutes. Phases 
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Figure 16. X-ray diffraction pattern of D.S. lead 
anode polarized 10 hours at 1.8v in lN H2so4 and depo1arized 
five minutes in open circuit. Phases identified: 
PbS0 4 and PbO. 
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Figure 17. X-ray diffraction pattern of D.S. lead 
anode polarized 10 hours at l.Sv in lN H2 so4 and de-
po1ariz·ed. 15 m:inutes in open circuit. Phases identified: 
P'bso4 and PbO. 
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Figure 18. X-ray diffraction pattern of a D.S. lead 
anode polarized 10 hours at l.8v in lN H2so4 and de-
polarized one hour in open circuit. Phases identified: 
PbS04 and PbO. 
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Figure 19. X-ray diffraction pattern of a D.S. lead 
anode polarized 10 hours at 1.8v in 1N H2so4 and de-
polarized 50 hours in open circuit. Phases identified: 
Pbso4 and traces of PbO. 
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Figure 20. X-ray diffraction pattern of a D.S. lead 
anode polarized 10 hours at 1.8v in lN H2so4 and de-
polarized 50 hours in open circuit, then ultrasonically 
cleansed for two hours. Phases identified: . Pb, 
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Figure 21. X-ray diffraction pattern of a D.S. Lead 
anode polarized for 10 hours at 1.8v in lN H2so4 at 25°C and 
depolarized 50 hours in open circuit, then ultrasonically 
cleansed for three hours. Phases identified: Pb, PbO, and 
PbO • PbS04. 
;.. -- . Q. 
r . ~ 
Figure 22. X-ray diffraction pattern of D.S. lead · 
left 30 hours in lN H2so4 without any applied potential. 
Phases identified: Pb and Pbso4 • 
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Figure 23. Electronmicrograph of 
pure le.ad surface (1000 x) after 20 hours 
of potentiostatic oxidation at 0.2v in 
lN H2so4 at 25°C. 
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Figure 24. Electronmicrograph of 
D.S. lead surface {3000 x) after 20 hours 
of potentiostatic oxidation at l.2v in 
1N H2so4 at 25°C. 
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Figure 25. Electronmicrograph of 
pure lead surface (3000 x) after 10 hours 
of potentiostatic oxidation at 1.4v in 
lN H2so4 at 25°C. 
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Figure 26. Electronmicrograph of pure 
lead surface (3000 x) after 10 hours of 
potentiostatic oxidation at 1.67v in 
lN H2so4 at 25°C. 
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Figure 27. Electronmicr?graph of 
o.s. lead surface (10,000 x) after 10 
hours of potentiostatic oxidation at l.Sv 
in lN H2so4 at 25°C. 
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F:Lgure 2 8. Electrorunicr~graph of 
D. s. lead surface (1000 x ) .after 10 hours 
of potentiostatic oxidation at 1.8v in 
1N H2so4 at 25°C and 15 minutes of 
depolarization. 
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Figure 29. Electronmicrograph of 
D.S. lead surface (1000 x) after 10 hours 
of potentiostatic oxidation at 1.8v in 
lN H2so4 at 25°C and five hours of 
depolarization. 
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Figure 30. Electronmicrograph of 
D.S. lead surface (1000 x) after 10 hours 
of potentiostatic oxidation at l.Sv in 
lN H2so4 at 25°C and 50 hours of depolari-
zation. 
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F:Lgure 31.. Electronmicrograph of 
D.S. l.ead surface (l.OOO x) left 50 hours 




Lead dissolves in sulfuric acid as Pb++ cations which 
react with so~ to produce PbS0 4 which precipitates on the 
lead surface when the solubility product is exceeded. The 
48 
range of stability of PbSO ~ in H 2 80 4 is defined by the equi-
librium reactions: 
and 
PbSO 4 (s) + 2e 
E = - 0.356 
-+ 
+ Pb {s) + SOa,. 
0.039 lg a S0 4 
(aq) [ 31] 
PbO 2 (s) + SO~ (aq) + 2H+ {aq) + 2e ·t PbSO ~ (s) + 2H 20 (aq) [ 32] 
E = 1.69 ~ 0.113 pH + 0.029 lg a so~-
--Thus for 1N·H 2SO~ (pH = .35, lg a SOa,. -- 2.27) PbS0 4 is 
stable between- 0.28 and 1.57 v. 
The presence of PbO (tetragonal) in anodically polarized 
samples of lead can be explained as an oxidation of lead by 
the water molecule: 
PbO (s) + 2H+ (aq) + 2e t Pb (s) + H 20 (aq) [33] 
E = 0.258 - 0.059 pH 
To produce PbO {tetragonal) a potential higher than + 0.23 
v i.s required. Above this potential the water molecul.~ ., 
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penetrates the PbS0 4 precipitate · and oxidizes the lead to 
lead monoxide* to an extent proportional to the potential 
applied. 
At potentials above + 1.57 v, lead sulfate is unstable 
and tends to react with water yielding Pb0 2 • 
Further increases in the potential may oxidize both Pb 
and PbO by water to Pb02 
[35] 
these reactions would cause the ratio of Pb0 2 /Pb0 to increase 
with time. The appearance of the phase aPb02 (orthorhombic) 
underlying 8Pb0 2 (tetragonal) at the highest oxidation paten-
tial, 2.0 v, cannot be explained at the present time. Due to 
the similarity of results obtained in the electrochemical 
oxidation of pure lead and dispersion hardened lead, it is 
believed that the presence of small alloying additions and 
the fine grain structure of the latter have little if any 
influence in that process. 
_In the process of depolarization from the potentials of 
stable Pb0 2 , + l. 8 v, an arrest was observed at + l. 44 v which 
likely results from the electrochemical reduction of Pb0 2 to 
•. :t 
PbS0 4 according to the reaction: 
* PbO where x = 1 
X 
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Pb02 (s) + so:- (aq) + 4H+ (aq) '+ 2e + PbS0 4 (s) + 2H 2 0 (aq) 
[ 36] 
The experimental value of + 1.44 vis close to the poten-
. 
tial of the couple, Pb02/PbS0 4 (+ 1.57 v). 
The shorter duration of the arrests for dispersion hard-
ened lead samples as compared to the lead samples polarized 
for similar periods of time and allowed to depolarize cannot 
be explained at the moment, although it is felt that the 
initial oxide content and/or grain structure is at least 
partially responsible. As the reduction of Pb02 to PbS0 4 
proceeds, the surface layer of the electrode becomes covered 
with a protective type sulfate film. Further reduction of 
Pb02 is inhibited because of the slow diffusion of H2S0 4 
through the film. 
The following sequence of _reactions is suggested as best 
representing the depolarization of the electrode 
2-2Pb02 (s) + S04 (aq) + JH20 (aq) + 4e + 
PbO•PbS04 (s) + 60H- (aq) 
2-4Pb02 (s) + S04 (aq) + 6H20 (aq) + 8e + 
3PbO•PbSO~t•H20 (s) + lO.OH- (aq) 
2Pb02 (s) + so!- (aq) + H20 (aq) + 
PbO•PbS04 (S) + 20H- (aq) 




4Pb02 {s) + so, (aq) + 2H20 (aq) + 
3PbO•PbS04•H20 (s) + 20H- (aq) 
PbO•PbS04 (s) + so-;.- {aq) + H20 (aq) + 




3PbO•PbS04 •H20 (s) + 3so-;.- (aq) + 2H20 (aq) + [42] 
4PbS04 (s) + 60H- (aq) 
Electrons for the reactions, as proposed by Ruetschi(9 ), 
are supplied 'by reactions [10] to [14]. During the depolari-
zation, t~e potential of the electrode is determined by the 
above reactions. 
The fact that the depolarization of samples which have 
been polarized a short period of time is relatively fast and 
reaches the PbS04/Pb couple potential (i.e., all the oxida-
tion products have been reduced to PbS04) can be explained 
in that only a smal1 amount of Pb02 and PbO are formed. The 
layer of sulfate produced during the depolarization is therefore 
not thick enough or sufficiently continuous to prevent the 
underly±ng products from reduction. The amounts of these pro-
ducts is ·- sm~ll;- whereas for the samples polarized for long 
peri ods ' {ten hours) the amount of Pb02 and PbO formed are so 
large ' that, ,·for. the same reasons, the reduction process is 
virtua.tl:y · stopped; "Tlius there is still some lead monoxide and 
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some basic sulfates beneath the lead sulfate layer which are 
responsible for maintaini~g the electrode at potentials above 
that for PbS0 4 /Pb for long periods of time. 
The arrests observed at + 0.15 v in the depolarization 
of samples oxidized at 1.3 and 1.4 v can be explained in terms 
of the potential of the couple Pb/PbO which in lN H2 S0 4 and 
at equilibrium conditions is 0.20 v; the lead oxide is formed 
during the polarization period. The observation of this same 
potential in samples of dispersion hardened lead that formerly 
exhibited the lead-lead sulfate potential suggests that lead 
oxide forms at the lead-lead sulfate interface. The explana-
tion for lead oxide formation in the absence of any applied 
potential must be related to the constitution of the disper-. 
sion hardened lead in which small grains of pure lead contain 
small amounts of lead oxide at the grain boundaries. One 
reasonable explanation is that as lead goes into solution and 
then precipitates as lead sulfate, enough oxide is left at 
the interface to produce the lead-lead oxide couple. Another 
is that the small amounts of lead oxide already present in 
the dispersion hardened lead act as embryos for further nu-
cleation and growth of lead oxide crystals as the water mole-
cules oxidize lead to lead oxide. This later explanation has 
experimental support in that the growth of lead oxide crystals 
might exhibit a preferred orientation with the (001) planes 
parallel to the surface of the sample; this is suggested from 
the (002} spectra appearing in the x-ray pattern (Figure 22). 
The lack of reproducibility discouraged an attempt to 
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deduce a dissolution mechanism based on the Tafel slopes. 
V. RECOMMENDATIONS 
It is recommended that studies of the oxidation of 
pure lead and dispersion hardened lead be made in a 
higher sulfuric acid concentration. 
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Since the D.s. lead is either extruded or rolled, it 
it likely that the corrosion properties may be orientation 
dependent. Knowledge of this dependence would be of 







The following is a list of the major materials used 
in this investigation. 
l. Sulfuric Acid. Reagent grade, meets A.C.S. 
specifications. Fisher Scientific Co., Fair Lawn, N.J. 
2. Acetone. Fisher Scientific Co., Fair Lawn, N.J. 
3. Nitrogen. Purified grade. Matheson Co., Joliet, 
Ill. 
4. Lead. One ingot of 99.9988% purity, obtained 
from St. Joseph Lead Co. 
5. D.S. Lead. Dispersion strengthened lead sheet, 




1. Surface Preparation of Pure Lead and D.S. Lead 
Specimens. 
a. Belt Surfacer. Buehler No. 1250, Buehler 
Ltd., Evanston, Ill. 
b. Hand Grinder. Handimet, 4 st~ges (grit 240 
to 600), Buehler No. 1470, Buehler Ltd., Evanston, Ill. 
2. Potentiostatic Experiments. 
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a. Potentiostat. Model 4100, Continental Oil Co., 
Anotrol Division, Ponca City, Oklahoma. 
b. Electrometer. Model 61GB, Keithley 
Instruments Inc., Cleveland, Ohio. 
c. Recorders. Model Yl53 x 18, Minneapolis-
Honeywell Reg. Co., Brown Instruments Division, Philadelphia, 
Pa .. 
3. Samples Examination. 
a. Scanning Type Electron Microscope. Model 
I.S.M., Japan Electron Optics Laboratory Co., Ltd. 
b. X-Ray Diffraction Equipment. Model Siemens 
Crystalloflex IV, Siemens. 
c. Ultrasonic Cleaner. Model Sensaur. Aloe 




Tables I - XIV 
TABLE I 
CURRENT TIME TRANSIENTS, TYPICAL OF BOTH PURE LEAD 
AND D.S. LEAD DURING POTENTIOSTATIC OXIDATION, AT 
59 
Time Current* Current Density 
(Minutes) (rnA) -2 (rnA•cm ) 
10 0.178 0.036 
15 0.122 0.024 
20 0.089 0.018 
25 0.072 0.014 
30 0.059 0.012 
35 0.056 0.011 
40 0.051 0.010 
45 0.046 0.009 
50 0.041 0.008 
55 0.037 0.007 
60 0.035 0.007 
* The area of the anode is 5 cm2 
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TABLE II 
CURRENT TIME TRANSIENTS, TYPICAL OF BOTH PURE LEAD 





























* The area of anode is 5 cm2 
Current Density 














CURRENT TIME TRANSIENTS, TYPICAL OF BOTH PURE LEAD 
AND D.S. LEAD DURING POTENTIOSTATIC OXIDATION, AT 
61 
Time Current* Current Density 
(Minutes} (rnA} -2 (mA•cm ) 
5 2.50 0.500 
1.0 2.42 0.480 
1.5 2.50 0.500 
20 2.44 0.490 
25 2.24 0.448 
30 2.08 0.416 
35 2.01. 0.402 
40 1.96 0.392 
45 1.85 0.371 
50 1.78 0.356 
55 1.69 0.338 
60 1.51. 0.322 
* The area of the anode is 5 cm2 
TABLE IV 
CURRENT TIME TRANSIENTS, TYPICAL OF BOTH PURE LEAD 
AND D.S. LEAD DURING POTENTIOSTATIC OXIDATION, AT 
1.767 V (S.H.E.) IN lN H2 so4 AT 25°C 
Time Current* Current Density 
{Minutes) {rnA) -2 (mA•cm ) 
5 0.65 0.130 
10 0.77 0.155 
15 1.15 0.230 
20 1.55 0.310 
25 2.20 0.420 
30 2.67 0.535 
35 3.20 0.640 
40 3.32 0.665 
45 3.22 0.645 
50 2.80 0.560 
55 2.55 0.510 
60 2.35 0.470 
* The area of the anode is 5 cm2 
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TABLE V 
CURRENT Til~ TRANSIENTS, TYPICAL OF BOTH PURE LEAD 





























* The area of the anode is 5 cm2 
Current Density 
















CURRENT TIME TRANSIENTS, TYPICAL OF BOTH PURE LEAD 































* The area of anode is 5 cm2 
Current Density 
















QUASI-STEADY STATE CURRENT AFTER 10 HOURS OF CONSTANT 
POTENTIAL OXIDATION OF PURE LEAD ANODES FOR THE POTENTIAL 
RANGE BETWEEN 0.66 AND 2.0 v IN IN•H2S01t AT 25°C 
v Current* Current Density 
(volts, SHE) (rnA) -2 (rnA· em ) 
0.667 v 0.070 0.014 
1.417 v 0.070 0.029 
1.467 v 0.165 0.033 
1.517 v 0.203 0.040 
1.567 v 0.402 0.080 
1.717 v 0.186 0.039 
1.767 v 0.200 0.040 
1.867 v 0.378 0.076 
1.967 v 1.500 0.300 
* The area of the anode is 5 cm2 • 
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TABLE VIII 
QUASI-STEADY CURRENT AFTER 10 HOURS OF CONSTANT 
POTENTIAL OXIDATION ON OS-LEAD ANODES FOR THE POTENTIAL 
RANGE BETWEEN 0.66 AND 2.00 v IN IN•HzS04 AT 25°C. 
v Current* Current Density 
(volts, SHE) (mA} -2 (rnA· em ) 
0.667 0.041 0.008 
1.417 0.102 0.020 
1.467 0.111 0.022 
1.517 0.132 0.026 
1.567 0.197 0.039 
1.617 0.603 0.120 
1.667 0.448 0.090 
1.767 0.249 0.052 
1.867 0.598 0.120 
1.967 0.723 0.145 
* The area of the anode is 5 cm 2 • 
TABLE IX 
X-RAY DIFFRACTION PATTERN OF ANODIC PRODUCT 
IDENTIFIED AS LEAD SULFATE* (Ph SO 4 ) 
0 
Measured, 28 d Calc. (A) d A.S.T.M. 
21.1 4.20 4.20 
23.2 3.83 3.82 
24.8 3.58 3.59 
25.8 3.45 3.44 
26.9 3.31 3.31 
27.8 3.20 3.20 
29.8 2.99 2.28 
32.6 2.74 2.78 
33.4 2.68 2.68 
34.3 2.61 2.61 
37.6 2.39 2.39 
40.0 2.25 2.25 
40.6 2.22 2.22 
41.2 2.19 2.18 
41.8 2.16 2.16 
43.9 2.06 2.06 
44.6 2.03 2.03 
46.2 1.97 1.97 
0 
Radiation: Cu, A = 1.542 A 
* Pattern obtained from potentiostatic oxidation of 
pure lead or D.S. lead anodes in lN H2 so4 , between 
-0.28 and +1.6v, and between 1.6 and 2.0v, if 




X-RAY DIFFRACTION PATTERN OF ANODIC PRODUCT 
IDENTIFIED AS LEAD MONO OXIDE* 
(RED, TETRAGONAL, PbO) 
0 0 
Measured, 29 d Calc. (A) d A.S.T.M. (A) 
28.6 3.11 3.11 
31.8 2.81 2.80 
35.7 2.51 2.51 
45.6 1.98 1.98 
48.6 1.87 1.87 
54.7 1.67 1.65 
59.9 1.54 1.54 
0 
Radiation: Cu, A = 1.542 A 
* Pattern obtained from potentiostatic oxidation of 
pure lead and D.S. lead anodes, in lN H2so4 , between 
+0.26 and +1.8v, and between +0.26 and 2.0v, if 
allowed to depolarize. 
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TABLE XI 
X-RAY DIFFRACTION PATTERN OF ANODIC PRODUCT 
IDENTIFIED AS THE BETA PHASE OF 
LEAD DIOXIDE* (TETRAGONAL, Pb02 ) 
0 0 
Measured, 28 d Calc. (A) d A • S • T • M. {A) 
25.2 3.53 3.50 
32.2 2.77 3.79 
36.3 2.47 2.46 
49.3 1.84 1.84 
52.2 1.75 1.74 
54.5 1.68 1.68 
59.1 1.56 1.56 
61.3 1.51 1.51 
62.6 1.48 1.48 
0 
Radiation: Cu, A = 1.524 A 
* Pattern obtained from potentiostatic oxidation of 
pure lead and D.S. lead, in lN H2so4 , between 
1.6 and 2.0v. 
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TABLE XII 
X-RAY DIFFRACTION PATTERN OF ANODIC PRODUCT 
IDENTIFIED AS THE ALPHA PHASE 
OF LEAD DIOXIDE* (ORTHORHOMBIC, Pb02 ) 
0 0 
















* Pattern obtained from potentiostatic oxidation of 
pure lead and D.S. lead, in lN H2 so4 , between 1.8 
and 2.0v. 




X-RAY DIFFRACTION PATTERN OF ANODIC FILM 
IDENTIFIED AS MONOBASIC LEAD SULFATE* 
(PbO • PbSO 4 ) 
0 0 
Measured, 26 d Calc. (A) d A.S.T.M. (A) 
24.2 3.67 3.67 
26.7 3.33 3.33 
30.2 2.95 2.95 
31.5 2.83 2.84 
36.8 2.43 2.42 
44.1 2.05 2.05 
49.5 1.84 1.84 
Radiation: Cu, A. = 1.542 
* Pattern obtained from pure lead and dispersion 
hardened lead anodes oxidized for 50 hours, then 
ultrasonically cleansed for two hours. 
TABLE XIV . 
X-RAY DIFFRACTION PATTERN OF ANODIC FILM 
IDENTIFIED AS TRIBASIC LEAD SULFATE* 
0 0 
Measured, 26 d Calc. (A) d ** (A) 
27.3 2.26 3.27 
28.6 3.11 3.12 
33.6 2.68 2.69 
36.0 2.49 2.49 
36.8 2.44 2.44 
65.4 1.64 1.63 
0 
Radiation: Cu, A - 1.542 A 
* Pattern obtained from pure lead and dispersion 
hardened lead anodes oxidized for 10 hours in 
lN H2 so4 , at 1.8v, and allowed to depolarize for 
50 hours, then ultrasonically cleansed for three 
hours. 
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